LA-UR--92-3519
tAur. 92-3519
DE93 003755

N-6-92-R197

Los Alamos National Laboratory is cperated by the Universty of Califomia for the United States Departn ent of Energy under contiact W-7405-ENG-36

TITLE. PROBABILISTIC RISK ASSESSMENT FOR THE
LOS ALAMOS MESON PHYSICS FACILITY WORST-CASE
DESIGN-BASIS ACCIDENT

AUTHOR(S): harirl e

S Y.
M. Butner Q
l.. Rand

J. Macek

J. McKinney

L

M.
J.
J.
R.
S.
M. L Roush

SUBMITTEDTO- " oDabilistic Safety Assessment International Topical Meeting
January 26-29, 1993
Clearwater Beach, FL

DISCLAIMER

This report was prepared as an avount ol work sponsored by an agency ol the Umited States
Guvernment  Neither the Umted Stites Government nor any ageney thereol, nor any of theu
emplovees, tinhes any warranty, express of smphed, or assumes any legal hatihty or tespons
ity tor the accuracy. completeness, or uselulness of any mformation appatatus, product, or
pricess disclosed. or vepresents that s use would not infnnge privately owned nights Refer
ence hertin 1o amy speaifiic commercial product, process, or service by trade name, trademark,
manulacturer. of otherwise does not necessartly constitute o mphy ity endorsement, tecom-
mendition, or favoring by the Finited States Government o any ageticy theien  The views
and opimons o authors expressed heren do not oecessanly state or reflect those of the
Utnited Stades Government or any agency thereot

By acceptance of this arlicie, the publisher recagnizes that the U 8 govemment retains & nonexcusive, royalty-free licenss 10 publish of reproduce the
publtshed form of thia contrbution, to to allow others 10 do 80, for U § Government pumoses

The Los Alamos National Laboratory requesis that the pubiisher kientity this article as work periormed under the audapices of the U S Department of Energy

L@S AH a m @ >  Los Alamos National Laboratory
= a Los Alarp?s,‘_quv Mexico 87545

BISTRIBUTION oF THIS OOCUMENT 1S UNEIMIILY


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


PROBABILISTIC RISK ASSESSMENT FOR THE LOS ALAMOS MESON PHYSICS FACILITY WORST-CASE
DESIGN-BASIS ACCIDENT

M. Sharirli, ]. M. Butner, J. L. Rand, S. J. McKinney M. L. Roush
R. J. Macek Technadyne Engineering Center for Reliability Engineering
Los Alamos National Laboratory Consultants, Inc. College of Engineering

Los Alamos, NM 87545

A3STRACT

This paper presents resul s from a Los Alamos
National Laboratory Engineering and Safety
Analiysis Group assessment of the worse-case
design-basis accident associated with the Clinton
P. Anderson Meson Physics Facility (LAMPF)/
Weapons Neutron Research (WNR) Facility. The
primary goal of the analysis was to quantify the
accident sequences that result in personnel radia-
tion exposure in the WNR Experimental Hall
following the worst-case design-basis accident, a
complete spill of the LAMPI' accelerator 1L beam.
This study also provides information regarding the
roles of hardware systems and operators in these
sequences, and insights regarding the areas where
improvements can increase facility-operation
safety. Results also include confidence ranges to
incorporate combined effects of uncertainties in
probability estiniates and importance measuras to
determine how variations in individual events
affect the frequencies in accident sequences.

1. INTRODUCTION

The Los Alamos Meson Physics Facility
(LAMPF)/Weapons Neutron Research (WNR)
Facility is one o1 a complex of research facilities at
the Los Alamos National Laboratory (LANL) that
uses accelerated ion output from LAMPF. LAMPF
Line D/1L ions are transportea to the WNR
Neutron Scattering Experimental Hall (ER-2)
where they produce neutrons for nuclear structures
or reactions investigations. Normal WNR »pera-
tions are associated wi! ol hazards, such
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as penetrating radiation produced by ion/nucleus
impact and delayed radioactive emissions from
activated materials. ER-2 personnel are protected
from these hazards primarily by shielding ard
passive personnel barriers. In coritrast, errant-
beam-delivery accidents require both shielding and
quick-respunse active mitigation system protection
because of the potential foi rapid accumulation of a
large radiation dose. This paper quantifies the
risk associated from a LAMPF facility design-basis
beam-spill accident initiated by failure of a high-
field type-C 1LMP01 90° beam-steering magnet.
This single initiator has occurred at a historical
rate of 0.01/yr .

I1. ACCIDENT SEQUENCE ANALYSIS
A. Svstem responses

A total of 4 lonizing Radiation (IR),
4 Gamma Detector (GD), and 13 Neutron Detector
(ND) chambert: should detect the increased ER-2
radiation level: resulting from the accident initia-
tor. As described below, these detectors and their
electronic-mont‘oring equipment interact with
three systems— Fast Protect (FP), Run Permit (RD),
and the Radiat.on Security System (RSS)--to elim-
inate the radiation hazard created by the resulting
beam/structure interaction.

The primary purpose of FP, which is com-
prised of two redundant systems, is to minimize
equipment activation by interrupting beam deliv-
ery when a beam spill extends beyond established
limits. However, either of the two FI's can also



provide personnel protection by rapidly interrupt-
irg beam on a pulse-to-pulse basis by electrostatic
deflection. The FP systems also automatically
generate a gate pulse that shuts off LAMPF ion
beam sources.

RP is a system of interlocks and logic
designed for two purposes: (1) to ensure correct con-
figuration prior to beam delivery and (2) to con-
tinuously monitor the status of selected operating
parameters during beam delivery. RP also provides
protection by generating an ion-source tum-off pulse
and by causing a single plug (TBBL02) to insert into
the beam path in response to a change in 1LMP01
magnet excitation current.

The RSS is the only safety-grade radiation
protection system at LAMPF. The RSS employs
fail-safe component logic configurations and redun-
dancy as part of a passive personnel barrier to
exclude | rsonnel from access to any direct beam.
RSS also incorporates radiation detectors (GD and
NDs) that cperate to terminate spill accidents by
causing two pairs (TBBL01/01BL01 and LDBLM /
LDBLO2) of plugs to be inserted into the beam path.

Automatic beam deflection, ion-source turn
off, or plug insertion all result in elimination of the
ER-2 radiation hazard created by an errant beam.
Hovrever, if all of these automatic systems fail,
LAMPF operations personnel can still manually
shut off ion sources in response to RP, and RSS
audible or visual alarms

B. Accident-sequence event tree

The accident-sequence event tree for the
LAMPF accelerator 11. beam spill initiated by a
1LMPO1 90° beam-steering magnet failure is shown
in Fig. 1. For this analysis, several systems, such as
the two FP electronics and their associated deflec-
tors, were consolidated into single event tops in
order to minimize the number of sequences. The
following section discusses the geaeral procedures
used to quantify event-tree branch probabilities.

1l SYSTEM ANALYSES

Referring to Fig. 1, there are 11 system
responses to the 1L.M1 01 90” beam -steering magnet
initiator design-basis accident (DBA). These
responding mitigating systems can be grouped into
four categories: sensors and analog electronic mon-

itors, relay-logic systems, mechanical beam-plug
systems, and operator-recovery actions with ion
source shut off. Discussion of the failure analyses
‘or these system categories follow.

A. Sensors and analog electronic monitors

The sensor and analog electronic moni-
tor systems include: the IR(4), GD(4), ND(13), and
RP systems as well as the two FP/deflector pairs
that are combined into the single "Beam is
Deflected” top event. Each of these combines a
radiation chamber or current (RP only) sensor with
a monitoring circuit that causes at least one relay in
the RSS logic string to open when the monitored
signal moves outside a preselected range.

Event-tree branch probabilities for the
sensor and monitor systems were calculated using
the Set Equation Trans‘ormation Systein (SETS)
code! to solve their fault trees. Individual system
fault trees were constructed using LAMPF drawings
to identify hardware failures and operations
manual test procedures as source documentation for
human errors. Human Error Probabilities (HEP)
were calculated using historical data, when
available, or the Technique for Human Error Rate
Prediction (THERT).2 Additionaily, we assumed
the ND microprocessor instruction set was 100%
reliable.

Sensor and analog, electronic monitor system
fault trees also include combinations of independent
and common-cause failures for the redundant IR,
GD, and ND systems. These common-cause failure
probabilities were quantified using the Multiple
Greek Letter Model.?

B. Relay-logic system

SETS was also used to solve for the
RSS logic system event-tree branch probability.
Detailed discussion of the RSS fault tree is
included in a previous LANL Safety ‘Analysis
Group study.

The majority of the failure rates used to
determine hardware basic event values for the RSS
and the sensor and analog electronic monitor sys-
tems were calculated using Military Standard
HIBK-217E4 Error factors (EF) for these events
were found by varying hardware environmental
stress factors over a reasonable range and computing
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FIGURE 1  FVENT TREE FOR ANALYSIS SCENARICQ




the resultant change in failure rates. The source for
a smaller number of hardware failure rates and EFs
was 1EEE Standard 500.5

C. Mechanical beam plugs

A total of five beam plugs can be inserted
into a LAMPF beam path in response to the initiat-
ing event. The successful opening of an RSS logic-
string relay i response to a radiation-monitor
system trip causes two pairs of plugs to be simulta-
neously inserted into the beam path. One pair,
TBBLO1 and 01BL01, is inserted into a low-energy
beam region while the other pair, LDBL01 and
LDBLO2, intersects an accelerated beam. Plug
TBBLO2, however, is inserted only when the
1LMP01 magnet excitation current moves out of a
specified range. The branch probability for
TBBLO? is the LAMPF historical demand-failure
rate for single plugs. Branch probabilities for both
of the plug-pair top events were calculated by sum-
ming two single plug point values with a value for
the common-cause failure of both plugs. A generic
(beta) factor of (.1 was used for this dependent
failure of two-similar-component event.

D. Operator-recovery actions with ion
source shut off

The four LAMPF control room operators
are a'erted to the occurrence of an automatic RSS
trip by an audible vocal alarm and an alerting
control-console alarm. Procedures require an opera-
tor to verify beam shut off by interrogating various
status indicators and monitors, If the beam is not
off, the operator is trained, but not required by
procedure, to depress the LAMPF SCRAM switch,
and toggle-off ali four ion sources.

An RP trip penerates only a single alerting
control-console alarm, but the resultant operator
actions are the same. A standard human reliability
analysis (HRA)ZD was performed to assign the
single-alarm and double-alarm operator-recovery
event-tree HED branch values. No attempt was
made to determine the reliability of the computer
interrogation or control software; it was assumed to
be 100% rehable (this systemis currently planned
for future study).

The detailed analysis of the circuitry that
provides the automatic ion source shut off gate
pulses was not complete by paper submittal dead

line. We assumed the gate circuitry is at least as
reliable as the most reliable system providing a ion
shut-off trip, the RP system, and assigned the RP
value to the ion source shut-off top event.

E. System analyses results

Branch failure median values and error
factors for the 11 event-tree system responses are
listed in Tabiv 1. Analysis quantification, post-
processing, and uncertainty results were obtained
using the Set Evaluation Program ( SEP) code.’

With the exception of the FP system, the
unreliability of each system was in the range of
103, FPis not a system that incorporates safety-
grade features, such as redundancy, and therefore
its high unreliability reflects a high degree of
single-failure susceptibility. Even with its high
failure probability, including FP in the analysis as
a mitigating system does lcwer the total accident-
sequerce frequency.

1V. EVENT-TREE SEQUENCE RESULTS

The Sandia Event Tree (CSANET)® code was
used to both construct the analysis event tree and to
quantify its accident sequences using the fault-tree
linking method #" This 11-top event tree has a
total of 85 sequences, of which 34 have the poten-
tial to resultin an undesited radiation-exposure
outcome,

The total accident-sequence exposure fre-
quency is 8.2 x 108 /yr with an error factor of 22,
The solution set has five sequences with frequencies
greater than 1 x 10 1%/yr and five sequences having
frequencies between 1x 1019 /yrand 1 x 10 12/yr,
The remaining 24 expor ure sequences have frequen-
cies lower than 1 x 1012/yr.

As seen in Fig. 2, which illustrates the
percentages of total exposure-frequency resulting
from three classes of accidents, the dominant acci-
dent sequences involve simultaneous failures of the
FP, the RSS, and the RP systems. The high unreli
ability of the FI is the largest contributor to these
dominant sequences, wherean RSS and RE reliabili
ties are reasonable for safety-grade systems. A
reduction in the point value of the FI” system to o
value comparable to the other radiation protection
systems lowers the total accident sequence fre
quency by approximately 95%.



TABLE1 EVENT-TREE SYSTEM VALUES

Event Top Median Value EF

IR ion chamber (1/4) initiates mitigation 23x103 4.8
Beam is deflected 0.4 4.1
GD(1/4) detects high radiation 1.0x 102 5.5
ND(1/13) detects high radiation 15x10° 1.8
RSS initiates miiigation 1.0x 102 5.5
Magnet sensor & RP initiate mitigation 5.0x 103 3.3
Beam plug TBBLO? inserted 4.20x 103 5.0
Plug TBBLO1 or 01BLO01 inserted 420 x 1073 5.0
Plug LDBLO1 or LDBLO2 inserted 4.20x 103 5.0
Operator shuts off ion source: 1 alarm response 71x103 10.0
2 alarm response 7.6 x 1073 10.0

fon source shuts off on demand 5.0 x 1073 3.3

o

RSS & RP
0.5%

RSS, RPFP
968%

FIGURE 2 ACCIDENT EX¥POSURE FREQUENCY CONTRIBUTION RESULTING FROM THE
LOSS OF FUNCTION ON RSS, RP', AND FP SYSTEMS

V. CONCLUSIONS AND LANL accelerator satety workshop!! review panel.

RECOMMENDATIONS We also showed that improvements in the FP
system signiticantly lower the risk from this DBA.

The analysis outlined in this paper was Lastly, we demonstrated the utility of a PRA for

significant for four reasons. First, we developed a accelerator facilities.

comprehensive documentation and analytical

information database for each radiation protection VI. FUTURE WORK

system at LAMPE WNR. Second, we determined

that the risk associated with the worst.case DBA Our immediate plans are to complete the

scenario at the LAMPE WNR Facility is within analysis of the circaitry that generates the auto-

range of the guideline (10 %/y 1) suggested by a matic 1on source shut-off gate pulses and to include



a software reliability analysis as part of the ND
and operator-recovery action systems. Upon com-
pletion of these tasks, we intend to perform the
consequence analysis asscciated with the DBA
discussed in this paper, evaluate other LAMPF
accident scenarios, and develop a general database
on the reliability of accelerator safety systems.

ACKNOWLEDGMENTS

We would like to thank those MP Division
personnel who assisted our understanding of the
LAMPF operating systems by providing documenta-
tion and by answering cur queries. These include:
Andy Browman, David Brown, Stanley Cohen,
Vince Fischer, Floyd Gallegos, Mike Hall, Dave
Helfer, Kevin Jones, Mike Plum, Larry Rc iriguez,
Kent Scarborough, and John Townsend. We would
also like to acknowledge Marlene Miller, our
computer analyst, Kent Sasser of LANL, and Ali
Mosleh of the University of Maryland for their
contributions.

REFERENCES

1. D.W. Stack, "A SETS User's Manual for Acci-
dent Sequence Analysis,” Sandia National
Laboratories report SAND83-2238, NUREG/
CR-3547 (1984).

2. A. D.Swain and H. E. Guttman, "Handbook of
Human Reliability Analysis with Emphasis
on Nuclear Power Plant Applications,” U. S.
Nuclear Regulatory Commission report
NUREG /CR-1278 (1983).

3. K. N. Fleming and A. Mosleh, "Classification
and Analysis of Reactor Operating Experience
Involving Dependent Events,” Electric Power
Research Institute report EPRI NP-3967 (1985).

4. "Military Handbook, Reliability Prediction
of Electronic Equipment,” Rome Air Develop-
ment Center, Griffiss AFB, NY, MIL-HDBK.-
217E (October 27, 1986).

5. "IEEE Guide to the Collection and Presentation
of Electrical, Electronic, Sensing Components,
and Mechanical Equipment Reliability Data
for Nuclear-Power Generaiing Stations,” IEEE
Std. 500-1984 (Institute of Electrical and
Flectronics Engineers, Inc., M5 East 47th
Street, New York) (1944).

10.

11.

A. D. Swain, "Accident Sequence Evaluation
Program Human Reliability Analysis Proce-
dure,” U. S. Nuclear Regulatory Commission
report NUREG/CR-4772 (1987).

M. D. Olman, "Quantitative Fault Tree Anal-
ysis Using the Set Evaluation Program (SEP),"
Sandia National Laboratories report SANDS(-
2712, NUREG/CR-1935 (September 1982).

A. Camp and L. Abeyta, "SANET 1.0 User's
Guide and Reference Manual," Sandia
National Laboratories report SAN D91-2864
(December 1991).

"PRA Procedures Guide,” U. S. Nuclear Regu-
latory Commission report NUREG /CR-2300
(1983).

“Fault Tree Handbook,” U. S. Nuclear Regula-
tory C« mmission report NUREGU492 (1981).

R. J. Macek, G. B. Stapleton, and R. H.
Thomas, editers "Proceedings of the Workshop
on the Use of Instrumentation and Probabilistic
Safety Criteria for Prompt Radiation
Protection at LAMPF,” Los Alamos National
Laboratory report LA-UR-92-0300 (August
1992).



